Nine cell culture-adapted, as well as 30 clinical, human rotavirus (HRV) strains from fecal extracts of children with primary HRV infection were typed by rapid solid-phase immune electron microscopy with protein A and absorbed DS-1 (HRV serotype 2), Wa (serotype 1), and VA70 (assumed serotype 3) rabbit immune sera. As a reference typing test for cell culture-adapted strains, the neutralization assay was used, whereas for noncultivatable strains typing was done for comparison, indirectly, based upon the differential neutralization reactivity of convalescent-phase serum samples from patients with primary HRV infection versus the three reference HRV serotypes. Typing results by solid-phase immune electron microscopy for all strains examined were in complete agreement with those obtained by the neutralization assay, both on cell culture-adapted strains with the three reference rabbit antisera and on three reference HRV strains with human convalescent-phase serum samples. Since adaptation to growth in cell cultures of clinical HRV strains from stool specimens is a time-consùming procedure and is often unsuccessful, solid-phase immune electron microscopy is preferred over the neutralization assay, giving results in about 16 h and also allowing typing of HRV strains from stool specimens low in virus particles. In addition, HRV strains reacting differently from the three reference serotypes may be easily selected by solid-phase immune electron microscopy for further characterization, as was the case for one strain in this study.
Htùman rotaviruses (HRVj are the etiological agents of a major part of acute nonbacterial gastroenteritis in infants and young children (2) . Among HRV strains sharing a common group antigen with animal rotavirus (9, 20) , two subgroups (subgroups 1 and 2) have been identified on the basis of both different electrophoretic mobility of RNA segments 10 and 11 (4, 15) and immunological tests, such as complement fixation (CF) (26, 28) , enzyme-linked immunosorbent assay (ELISA) (25) , and immune adherence hemagglutination (8) . Subgroup 1 HRV strains seem to belong to a single serotype, whereas at least two distinct serotypes have been identified within subgroup 2 strains by neutralization (Nt) (1, 6, 21, 23) , ELISA (19) , and possibly CF (12) .
Recently, solid-phase immune electron microscopy (SPIEM) with protein A has been used for HRV detection in fecal specimens (10, 13, 14) . The same technique, which was originally developed for detecting plant viruses (17) , has been employed successfully for identifying some selected human adenovirus serotypes (18) .
In the present study, we developed a SPIEM method for rapid serotyping of HRV strains directly on stool specimens.
The reference method for serotyping has been Nt on cell culture-adapted HRV strains, as previously reported (G. Gerna, M. Battaglia, G. Milanesi, N. Passarani, E. Percivalle, and E. Cattaneo, Infect. Immun. in press). Subgroup 1 serotypes closely related by Nt to strain DS-1 (23) are referred to as serotype 2 (DS-1-like) strains. Subgroup 2 strains reacting as Wa (24) are referred to as serotype 1 (Walike) strains, whereas subgroup 2 strains distinct from Wa and reacting similarly to our VA70 strain by Nt are tentatively referred to as serotype 3.
MATERIALS AND METHODS
Rotavirus strains. Cell culture-adapted DS-1, Wa, and P HRV strains were kindly supplied by R. G. Wyatt Antisera. Immune sera against the reference strains DS-1 and Wa and against our nine cell culture-adapted strains were prepared both in guinea pigs and rabbits by using partially purified virus as described elsewhere (Gerna et al., in press). DS-1, Wa, and VA70 (assumed serotype 3) rabbit antisera were selected on the basis of their Nt specificities for absorption to increase the specificity of their SPIEM reactivity. First, the three antisera were absorbed at à dilution of 1:1,000 with purified EbTA-treated bovine rotavirus at a concentration of about 1.0 ml/20 ,ul of a virus preparation containing 100,000 virus particles per grid square, as determined by electron microscopy. Mixtures were incubated for 2 h at 37°C and overnight at 4°C. They were then centrifuged at 35,000 rpm for 90 min in an SW50.1 Beckman rotor to pellet the virus. At this point, the antisera were suitable for HRV subgrouping by SPIEM. Further absorption of the three antisera was necessary for serotyping and was done by incubation with the EDTA-treated Wa strain by the same procedure.
SPIEM. Carbon-Formvar-coated grids (400 mesh) were floated on 50-,ul drops of protein A solution (25 HRV subgrouping. HRV were detected in infected cell culture media as well as in stool specimens by electron microscopy (3) and an indirect double-antibody sandwich ELISA similar to the ELISA system 5 proposed by Zissis and Lambert (27) . Subgrouping was done serologically by CF and indirect double-antibody sandwich ELISA (27) by using subgroup 1-and subgroup 2-specific unabsorbed guinea pig and rabbit antisera. In addition, subgrouping could easily be done by SPIEM with DS-1 and Wa or VA70 rabbit antisera after absorption with single-shelled bovine rotavirus, as reported above. Initially, and periodically for cell culture-adapted HRV strains, subgrouping was checked by electrophoretic analysis of genomic RNA segments by using polyacrylamide gel electrophoresis (7) . RESULTS Absorption of antisera. Initially, the SPIEM technique was used for HRV detection in fecal specimens low in virus particles, and a mixture of the three type-specific unabsorbed rabbit antisera was employed. The number of virus particles trapped by antibody-coated grids was increased about 1,000 times, as compared with grids used for direct electron microscopy. A comparison of results by ELISA and SPIEM on several fecal extracts led to the conclusion that the ELISA was able to detect HRV antigens only when the sample contained at least one virus particle per grid square by SPIEM. Attempts to subgroup and serotype the three reference HRV serotypes by SPIEM by using the three homotypic unabsorbed antisera were unsuccessful because of the high degree of cross-reactivity. The first absorption with single-shelled bovine rotavirus gave antisera suitable for HRV subgrouping (Table 1) . However, typing of the two subgroup 2 serotypes was still difficult to perform and often unreliable with these antisera (as documented by unreported data on several stool specimens). The second absorption with single-shelled Wa strain gave antisera sufficiently specific for typing. Serotyping by SPIEM of reference and cell culture-adapted strains. By using DS-1, Wa, and VA70 rabbit antisera for the capture of homotypic strains, the number of virus particles trapped per grid square by each antiserum depended upon the absorption step, i.e., the increased type specificity of antisera ( Table 1 ). The degree of cross-reactivity by SPIEM was determined for each HRV strain by comparison of the three ratios obtained by dividing the number of virus particles captured by each antiserum by the number of particles captured by the antiserum showing the lowest reactivity. Thus, for strain DS-1, the ratios of reactivity with DS-1, Wa, and VA70 antiserum were 2.5, 1.4, and 1.0, respectively, with unabsorbed antisera, but the ratios shifted to 4.8, 1.0, and 2.2 after the first absorption and 13.0, 1.0, and 1.0 after the second absorption. For strain Wa, ratios of 1.0, 5.1, and 2.7 with unabsorbed antisera became 1.0, 42.5, and 22.5 and 1.0, 20.5, and 3.0 after final absorption. For strain VA70, ratios of 1.0, 1.3, and 2.6 with unabsorbed antisera changed to 1.0, 14.0, and 32.5 and finally to 1.0, 7.0, and 49.0 (Fig. 1) . On the basis of these preliminary findings, typing by SPIEM was done in parallel on our nine cell culture-adapted HRV strains (whose serotype had previously been determined by Nt) and their respective original stool specimens. In addition, the three HRV strains obtained from NIH were typed. There was complete agreement between SPIEM and Nt results (Table 2) . However, typing could be performed by SPIEM both on cell culture-adapted strains and on fecal specimens, whereas typing by Nt could be performed only on cell-adapted virus preparations since in several stool specimens the amount of virus growing in MA-104 cells was too low to allow reliable Nt tests. The cross-reactivity of serotype 2 HRV strains with the other two serotypes was very low, whereas it was greater between serotypes 1 and 3.
However, the homotypic reactivity was consistently at least more than three times greater than the heterotypic reactivity. Thus, problems in typing by SPIEM were never encountered, except for NIH HRV strain P. which could be typed J. CLIN. MICROBIOL. neither by Nt (absent or poor reactivity with all three typespecific antisera) nor by SPIEM. This strain, which belongs to subgroup 2, showed a similar fair reactivity with both serotype 1 and 3 antisera by SPIEM. For all strains, the subgroup was determined by CF, ELISA, and SPIEM (with subgroup 1 and subgroup 2 rabbit antisera which were made subgroup specific by absorption with only single-shelled bovine rotavirus).
Serotyping (23) to make cultivatable HRV strains which otherwise could not be propagated in cell cultures. Recently, Japanese workers succeeded in propagating several HRV strains (11, 16, 22 NDd   VA29  160  40  <40  <40  2  1  2  ND  VA26  <40  320  <40  40  1  2  1  1  VA66  <40  320  <40  40  1  2  1  1   VA70  <40  320  320  40  3  2  3  3  VA75  <40  320  640  40  3  2  3  3 a Determined by Nt on convalescent-phase serum samples.
b Rotavirus subgroup of each strain detected in stool was determined by CF, ELISA, and SPIEM (see Table 2 ). C HRV serotype was determined by Nt on Ma-104 cell culture-adapted strains from the respective stool specimens by using DS-1, Wa, and VA70 reference rabbit immune sera. A difference in antibody titer of 16- (19) . However, extensive cross-absorption of the three type-specific antisera from two different animal species with purified HRV strains was necessary, and low titer HRV specimens might be difficult to type. In addition, a CF test has been proposed for detecting HRV subgroups, but it is not clear whether the three HRV subgroups represent the three known serotypes, whose type-specific antigens may react also in a CF system (12) . In addition, for CF typing, high-titer specimens free from anticomplementary activity are needed.
In conclusion, the SPIEM technique represents the most rapid and simple technique for typing clinical HRV strains and is a promising tool for the study of the epidemiology of HRV serotypes. It needs only protein A and partially absorbed antisera from a single animal species for HRV serotyping directly on fecal specimens. In addition, by using antisera to the two HRV subgroups which were made subgroup specific by absorbing their common group antigen reactivity, SPIEM could be used for subgrouping directly on fecal specimens. Finally, using a pool of the three (or more) unabsorbed type-specific antisera, we found that SPIEM was an extremely sensitive method for HRV detection, as previously reported by others (10, 13, 14) .
